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,QWURGXFWLRQ
7KHPDLQJRDORIDQDYLJDWLRQV\VWHPLVWRFDOFXODWHWKHEHVWSDWKIURPWKHFXUUHQWSRVLWLRQWRDVSHFLILFGHVWLQDWLRQ
,QGRRUQDYLJDWLRQV\VWHPVEHFRPHHVSHFLDOO\YDOXDEOHKHOSLQJSHGHVWULDQVWRILQGWKHLUSDWKLQFRPSOH[DUHDVVXFKDV
DLUSRUWWHUPLQDOVRUXQLYHUVLW\campus*OREDOSRVLWLRQLQJV\VWHP*36LVZLGHO\XVHGWRGHWHUPLQHFXUUHQWSRVLWLRQV
H[FHSWIRULQGRRUHQYLURQPHQWZKHUHLWVVLJQDOLVJHQHUDOO\QRWDYDLODEOH>@,QGHHGLQGRRUSRVLWLRQLQJLVVWLOODQRSHQ
UHVHDUFKDUHDIRUZKLFKZHFDQILQGLQWKHOLWHUDWXUHPDQ\SURSRVDOVWKDWWDNHDGYDQWDJHRIVPDUWSKRQHIXQFWLRQDOLWLHV
VXFKDVVHQVRUVDFFHOHURPHWHUVDQGJ\URVFRSHVFDPHUDVDQGZLUHOHVVWHFKQRORJLHV>@
%HVLGHVSRVLWLRQLQJLQGRRUQDYLJDWLRQV\VWHPVIRUEXLOGLQJVZLWKPDQ\IORRUVSUHVHQWDGGLWLRQDODGYDQFHVLQDUHDV
UHODWHGWRIRULQVWDQFHUHSUHVHQWDWLRQ'RU'>@LQWHUDFWLRQ>@SDWKSODQQLQJSHUIRUPDQFHRIVKRUWHVWSDWK
FDOFXODWLRQDOJRULWKPV>@DVZHOODVWKHDGDSWDWLRQRIWKHVHDOJRULWKPVWRPHHWVSHFLILFQHHGVRUSUHIHUHQFHVRIXVHUV
>@$PRQJWKHVHZRUNVZHFDQILQGSURSRVDOV WKDWDOUHDG\DGGUHVVVRPHUHTXLUHPHQWVRIUHGXFHGPRELOLW\
XVHUVPDLQO\E\DYRLGLQJVWHSVLQFDOFXODWHGSDWK>@
+RZHYHUIRUDUHGXFHGPRELOLW\XVHUVWHSVDUHRQO\RQHH[DPSOHRIWKHEDUULHUVWKH\KDYHWRIDFHZLWKEHLQJVRPH
RIWKHVHREVWDFOHVDOPRVWLQYLVLEOHWRSHRSOHZLWKRXWUHVWULFWLRQV>@:LWKDEURDGHUDSSURDFK']DILFHWDOLGHQWLI\
WKHUHTXLUHPHQWVRIDQLQGRRUQDYLJDWLRQV\VWHPIRUUHGXFHGPRELOLW\XVHUVFDWHJRUL]LQJWKHVHDVDEVROXWHPLWLJDEOH
SHUPDQHQWDQGWUDQVLHQW>@
,Q WKLV SDSHU ZH SUHVHQW WKH ZDOO V\VWHP DQ LQGRRU QDYLJDWLRQ V\VWHP IRU UHGXFHG PRELOLW\ XVHUV ,Q LWV
GHYHORSPHQWVLQFH WKH ILUVWVWDJHVRI WKHSURMHFWZH WRRN LQWRDFFRXQWVSHFLILF UHTXLUHPHQWVRI UHGXFHGPRELOLW\
XVHUV2XUUHTXLUHPHQWDQDO\VLVZDVEDVHGPDLQO\RQWKHSURSRVDORI']DILFHWDO>@DQGRQWKHH[SHULHQFHRIRQHRI
WKHDXWKRUVDZKHHOFKDLUXVHU7KHHQYLURQPHQWRIWKHZDOOV\VWHPLVRQHRIWKHEXLOGLQJVZLWKIRXUIORRUVRID
XQLYHUVLW\campus
1H[WVHFWLRQGHVFULEHVUHODWHGZRUNZKLOHVHFWLRQGHWDLOVWKHZDOOLQGRRUQDYLJDWLRQV\VWHP6HFWLRQSUHVHQWV
WKHZDOOSUHOLPLQDU\HYDOXDWLRQ)LQDOO\ODVWVHFWLRQFRQFOXGHVWKHSDSHUDQGJLYHVIXWXUHUHVHDUFKGLUHFWLRQV
5HODWHG:RUN
,QGRRUQDYLJDWLRQ V\VWHPV LQFOXGH IRXUPDLQFRPSRQHQWVXVHU ORFDOL]DWLRQSDWKSODQQLQJ UHSUHVHQWDWLRQ DQG
LQWHUDFWLRQ>@
7KHXVHUORFDOL]DWLRQFRPSRQHQWUHVSRQVLEOHIRUGHWHUPLQLQJWKHFXUUHQWXVHUSRVLWLRQFDQUHVRUWWRWKUHHGLIIHUHQW
FODVVHV RI ORFDOL]DWLRQ WHFKQLTXHV >@ NLQHPDWLFV YLVXDO DQG ZLUHOHVV WHFKQLTXHV .LQHPDWLF WHFKQLTXHV XVH
VPDUWSKRQHVHQVRUVDFFHOHURPHWHUVDQGJ\URVFRSHVDQGGHDGUHFNRQLQJDOJRULWKPVWRHVWLPDWHXVHUSRVLWLRQVEDVHG
RQSUHYLRXVO\HVWLPDWHGRUNQRZQSRVLWLRQVVHHIRULQVWDQFH>@9LVXDOWHFKQLTXHVXVHDVPDUWSKRQHFDPHUDWR
FDSWXUHLPDJHVIURPWKHHQYLURQPHQWZKLFKDUHFRPSDUHGZLWKLPDJHVVWRUHGLQDGDWDEDVH>@WKHVHLPDJHVFDQEH
LQHQFRGHGIRUPVXFKDV%DUFRGHRU45&RGH>@)LQDOO\ZLUHOHVVWHFKQLTXHVXVHOLJKWZDYHVRUUDGLRZDYHVWR
GHWHUPLQHXVHUSRVLWLRQ7KH\FDQXVHGLUHFWVHQVLQJRILGHQWLILHUVRUWDJVSUHYLRXVO\LQVWDOOHGLQWKHHQYLURQPHQW
VXSSRUWHGE\WHFKQRORJLHVVXFKDV5),',QIUDUHG%DUFRGHVRU1)&>@:LUHOHVVWHFKQLTXHVFDQDOVRXVH
WULDQJXODWLRQRUILQJHUSULQWLQJ&RQVLGHULQJWULDQJXODWLRQ*OREDO3RVLWLRQLQJ6\VWHP*36LVWKHPRVWXVHGWHFKQLTXH
IRURXWGRRUORFDOL]DWLRQ>@EXWLWLVQRWIHDVLEOHIRULQGRRUVSDFHVEHFDXVHLWVVLJQDOLVJHQHUDOO\QRWDYDLODEOH>@
,QGRRUORFDOL]DWLRQVROXWLRQVXVH:L)LWHFKQRORJ\DQGWULDQJXODWHWKHORFDWLRQRIDFFHVVSRLQWV$3VEDVHGRQWKHLU
VLJQDOVWUHQJWKWKHWULDQJXODWLRQSURFHVVQHHGVDWOHDVWWKUHHNQRZQSRLQWV)LQJHUSULQWLQJWHFKQLTXHVFRPSDUHWKH
VLJQDOVWUHQJWKRIH[WHUQDOGHYLFHVVXFKDV$3VZLWKDSUHEXLOWILQJHUSULQWGDWDEDVH>@7KHXVHRI:L)LEDVHG
WHFKQLTXHVLVYLDEOHRQO\LIWKHUHLVDVHWRIGHGLFDWHG$3VDOUHDG\LQVWDOOHGEHLQJHUURUSURQHDQGFRVWO\WRPDLQWDLQ
LIRWKHUZLVH>@6WLOOFRQVLGHULQJ:L)LEDVHGWHFKQLTXHVWULDQJXODWLRQDFFRPSOLVKHVEHWWHUUHVXOWVLQRSHQVSDFHV
ZKLOHILQJHUSULQWLQJSHUIRUPVEHWWHUIRUHQYLURQPHQWVZLWKUHVWULFWHGSDWKZD\V>@)DUVKDGHWDOSUHVHQWDVWXG\WKDW
OHDGV WR WKHFRQFOXVLRQ WKDW WKHXVHRIYLUWXDO$3V DPHFKDQLVP WKDWXVHVD VLQJOH$3 WR VLPXODWHPXOWLSOH$3V
VLJQLILFDQWO\UHGXFHVORFDWLRQHVWLPDWLRQHUURUV>@
7KHSDWKSODQQLQJFRPSRQHQWEHVLGHVFDOFXODWLQJ WKHEHVW URXWH XVXDOO\ WKH VKRUWHVWRQHSURYLGHVDGGLWLRQDO
IXQFWLRQDOLWLHVVXFKDVSODQQLQJGLIIHUHQWURXWHVWRDGHVWLQDWLRQG\QDPLFDOO\UHSODQQLQJWKHSDWKZKHQWKHV\VWHP
GHWHFWVWKDWWKHXVHULVQRWIROORZLQJWKHLQLWLDORQHDQGSODQQLQJDSDWKDFFRUGLQJWRXVHUSUHIHUHQFHVRUQHHGVIRU
LQVWDQFHWRPHHWVSHFLILFUHTXLUHPHQWVRIXVHUVZLWKUHGXFHGPRELOLW\>@7KHDOJRULWKPVWKDWQDYLJDWLRQV\VWHPV
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XVHDUHPRVWO\WKH'LMNVWUDDQGWKH$%LDQHWDOLPSURYHWKH$DOJRULWKPWRVROYHSHUIRUPDQFHSUREOHPVRIXVLQJ
WKLVDOJRULWKPLQPXOWLVWRUH\EXLOGLQJVDQGWRWDNHLQFRQVLGHUDWLRQXVHUSUHIHUHQFHV>@7KHVHDOJRULWKPVXVHJUDSKV
RUJULGV WR UHSUHVHQW WKHHQYLURQPHQW >@*UDSKEDVHGDSSURDFKHVGLYLGH WKHHQYLURQPHQW LQQRGHVFRQQHFWHGE\
HGJHV1RGHVUHSUHVHQWIRULQVWDQFHGRRUVKDOOLQWHUVHFWLRQVDQGHOHYDWRUVZKLOHDQHGJHFRQQHFWVWZRQRGHVWKDWDUH
DFFHVVLEOHIURPRQHDQRWKHU(GJHVFDQKDYHDVVRFLDWHGZHLJKWVWRGHILQHSUHIHUHQFHVIRUWKHSDWKSODQQLQJDOJRULWKPV
)RULQVWDQFHDQHGJHFRUUHVSRQGLQJWRDSDWKZLWKDVWDLUFDVHVKRXOGKDYHKLJKHUZHLJKWWKDQSDWKVIUHHRIVWHSV>@
*ULGEDVHGDSSURDFKHVVSOLWWKHHQYLURQPHQWLQWRFHOOVZKLFKDVZHOODVHGJHVFDQDOVRKDYHDVVRFLDWHGZHLJKWV
&RQFHUQLQJWKHUHSUHVHQWDWLRQFRPSRQHQWWKHPRVWXVHGSUHVHQWDWLRQIRUPLQLQGRRUQDYLJDWLRQV\VWHPVDUHPDSV
LQSDUWLFXODUIORRUSODQV>@%HVLGHV'PDSV WKHVHV\VWHPVFDQDOVRXVH'PDSV>@DQGDGGLWLRQDOO\FDQ
SURYLGHORFDWLRQDQGGHVFULSWLRQRIREMHFWVVXFKDVURRPQXPEHUVRUODQGPDUNVIRUH[DPSOHWKHUHFHSWLRQRUWKH
LQIRUPDWLRQRIILFH
7KHLQWHUDFWLRQFRPSRQHQWFRPSULVHVXVHULQSXWDQGV\VWHPIHHGEDFNIXQFWLRQDOLWLHV$VLQGRRUQDYLJDWLRQV\VWHPV
DUHPDLQO\XVHGLQPRELOHGHYLFHVWKHLUXVHULQSXWPRGDOLWLHVDUHLGHQWLFDOWRRWKHUPRELOHDSSOLFDWLRQV2QWKHRWKHU
KDQGV\VWHPIHHGEDFNSUHVHQWVVRPHVSHFLILFLWLHV7RSURYLGHGLUHFWLRQVWRWKHXVHUWKHV\VWHPFDQXVHDXGLRYLVXDO
RUKDSWLFWHFKQLTXHVDVZHOODVDFRPELQDWLRQRIWKHPWRRYHUFRPHSDUWLFXODUOLPLWDWLRQVWKDWHDFKWHFKQLTXHSUHVHQW
VHH>@IRUDGLVFXVVLRQRIWKHVHWHFKQLTXHV
5HGXFHG PRELOLW\ XVHUV SUHVHQW VSHFLILF UHTXLUHPHQWV WKDW FXUUHQW LQGRRU QDYLJDWLRQ V\VWHPV RQO\ PHHW
RFFDVLRQDOO\ PDLQO\ SURYLGLQJ URXWHV IUHH RI VWHSV ,Q >@ ']DILF HW DO LGHQWLI\ WKH UHTXLUHPHQWV RI DQ LQGRRU
QDYLJDWLRQV\VWHPIRUUHGXFHGPRELOLW\XVHUV7KH\FDWHJRUL]HUHTXLUHPHQWVDVSHUPDQHQWYVWUDQVLHQWDQGDEVROXWH
YVPLWLJDEOH3HUPDQHQWUHTXLUHPHQWVDUHUHODWHGWREDUULHUVWKDWUHPDLQXQFKDQJHGIRUDORQJWLPHZKLOHWUDQVLHQW
RQO\ODVWIRUDVKRUWWLPH$EVROXWHUHTXLUHPHQWVDUHDSSOLHGWREDUULHUVWKDWFDQQRWEHE\SDVVHGXQOLNHPLWLJDEOHWKDW
FDQEHRYHUFRPHZLWKWKHKHOSRIDQRWKHUSHUVRQ)RULQVWDQFHVWHSVDQGVWHHSUDPSVDUHSHUPDQHQWDQGDEVROXWH
DXWRPDWLFGRRUV DQG VWDLU OLIWV DUHSHUPDQHQW DQGPLWLJDEOH DQ HOHYDWRUEUHDNGRZQ LV WUDQVLHQW DQGDEVROXWH DQG
LQGLFDWLRQRISRLQWVRILQWHUHVW32,LVFODVVLILHGDVWUDQVLHQWDQGPLWLJDEOH8VLQJWKLVZRUNDVDVWDUWLQJSRLQWZH
FRQFHLYHGDQGGHYHORSHGWKHZDOOV\VWHPDQLQGRRUQDYLJDWLRQV\VWHPIRUUHGXFHGPRELOLW\XVHUV,QDOOVWDJHVRI
WKHSURMHFWZHWRRNLQWRDFFRXQWUHTXLUHPHQWVRIUHGXFHGPRELOLW\XVHUVVLQFHWKHHQYLURQPHQWDQDO\VLVLGHQWLI\LQJ
DOOWKHSRWHQWLDOSK\VLFDOEDUULHUVXQWLOWKHXVHULQWHUIDFHZKLFKLQFOXGHVVSHFLILFIXQFWLRQDOLWLHVIRUWKHVHXVHUV
7KHZDOOLQGRRUQDYLJDWLRQV\VWHP
7KLVVHFWLRQGHVFULEHVWKHGHYHORSPHQWRIWKHZDOOLQGRRUQDYLJDWLRQV\VWHPVHH)LJIRUDQRYHUYLHZRIWKH
V\VWHP¶VLQWHUIDFH7KHVHFWLRQLVRUJDQL]HGFRQVLGHULQJIRXUPDLQFRPSRQHQWVRIWKHZDOOV\VWHPXVHUORFDOL]DWLRQ
SDWKSODQQLQJUHSUHVHQWDWLRQDQGLQWHUDFWLRQ)RUHDFKFRPSRQHQWZKHQDSSOLHGZHGHWDLOKRZZHKDQGOHVSHFLILF
UHTXLUHPHQWVRI UHGXFHGPRELOLW\XVHUV7KHZDOO LPSOHPHQWHGSURWRW\SH VXSSRUWVQDYLJDWLRQ LQVLGHD IRXU IORRU
EXLOGLQJRIDXQLYHUVLW\campus

3.1. User localization 
7KHXVHUORFDOL]DWLRQFRPSRQHQWGRHVQRWSUHVHQWSDUWLFXODUUHTXLUHPHQWVFRQFHUQLQJUHGXFHGPRELOLW\XVHUV:L
)L ILQJHUSULQWV DUH XVHG WR DFFRPSOLVK XVHU ORFDOL]DWLRQ LQ WKHZDOO V\VWHP ,QVLGH WKH EXLOGLQJ WKHUH LV D VHW RI
GHGLFDWHG $3V WKDW EHORQJ WR WKH HGXURDP QHWZRUN D ZRUOGZLGH URDPLQJ DFFHVV VHUYLFH GHYHORSHG IRU WKH
LQWHUQDWLRQDOUHVHDUFKDQGHGXFDWLRQFRPPXQLW\'HVSLWHH[LVWLQJPDQ\RWKHUV$3VLQWKHEXLOGLQJWKHZDOOV\VWHP
LJQRUHVWKHPEHFDXVHWKH\DUHQRWSHUPDQHQW(DFKHGXURDP$3LVXVHGWRUHDOL]HWZR$3VYLUWXDO$3VZKLFKZDOO
XVHVLQFRQMXQFWLRQDSURFHVVWKDWUHGXFHVORFDWLRQHVWLPDWLRQHUURUV>@
,QVRPHDUHDVRIWKHEXLOGLQJ:L)LILQJHUSULQWVDUHQRWHQRXJKWRREWDLQDQDFFXUDWHXVHUORFDOL]DWLRQGXHWRWKH
UHGXFHGQXPEHURIFDSWXUHG$3V:HRQO\FRQVLGHUILQJHUSULQWVZLWKDWOHDVWILYH$3VLQFOXGLQJYLUWXDO$3VDVVXULQJ
WKDWHDFKILQJHUSULQWLQFOXGHVDWOHDVWWKUHHGLIIHUHQW$3VSK\VLFDO$3V:LWKRXWWKLVUHVWULFWLRQWKHXVHUORFDOL]DWLRQ
LV HUURU SURQH DQG FRQVHTXHQWO\ WKH LQIRUPDWLRQ SURYLGHG WR WKH XVHUPD\ EH SRWHQWLDOO\PLVOHDGLQJ ,QGHHG E\
SHUIRUPLQJVRPHWHVWVZHFRQFOXGHWKDWXVHUVFRQFHUQLQJWKHLURZQORFDWLRQSUHIHUWRKDYHDQRXWGDWHGLQIRUPDWLRQ
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UDWKHUWKDQDQLQFRUUHFWRQH+RZHYHUWKLVRSWLRQGRHVQRWFRPSURPLVHWKHQDYLJDWLRQV\VWHPVLQFHLQWHUFHSWLRQDUHDV
KDYHHQRXJK:L)LILQJHUSULQWVDQGRQO\VRPHKDOOVLQWKHEXLOGLQJSUHVHQWLQVXIILFLHQW:L)LILQJHUSULQWV
7KHZDOOSUHEXLOWILQJHUSULQWGDWDEDVHLQFOXGHVWKH:L)LILQJHUSULQWVZHFROOHFWHGQHDUWKHGRRURIHDFKURRP
DVZHOODVLQKDOOVLQWHUFHSWLRQSRLQWVVWDLUVQHDUHOHYDWRUVDQGODQGPDUNVVHHVHFWLRQ7RSHUIRUPWKLVWDVNZH
XVHGWKH:KHUH#80DSSOLFDWLRQ>@
8VHUORFDOL]DWLRQDOJRULWKPXVHVWKH0DQKDWWDQGLVWDQFH>@WRFRPSDUHFXUUHQWILQJHUSULQWVZLWKWKHRQHVVDYHG
LQWKHSUHEXLOWGDWDEDVH:KHQWKHV\VWHPLVQRWDEOHWRREWDLQWKHFXUUHQWORFDWLRQLWSUHVHQWVWKHLQIRUPDWLRQDERXW
WKHODVWNQRZQORFDWLRQVHHWKHLQIRUPDWLRQLQWKHERWWRPOHIWVLGHRIWKH)LJDQGFRPSDUHZLWK)LJ


)LJ8VHUSRVLWLRQLQIRUPDWLRQ
)LJ7KHZDOOLQGRRUQDYLJDWLRQV\VWHP
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3.2. Path Planning 
5HJDUGLQJSDWKSODQQLQJGXULQJWKHUHTXLUHPHQWDQDO\VLVZHLGHQWLILHGWKHIROORZLQJUHTXLUHPHQWVIRUUHGXFHG
PRELOLW\XVHUVDYRLGDQFHRIVWHSVVWHHSUDPSVWRRQDUURZGRRUVLQFOXGLQJHOHYDWRUGRRUVDXWRPDWLFGRRUVZLWK
EXWWRQVLQXQUHDFKDEOHSRVLWLRQVQRQDXWRPDWLFFORVHGGRRUVDQGUHYROYLQJGRRUV>@,QDGGLWLRQZHDOVRFRQVLGHUHG
WKHRSHQLQJFORVLQJKRXUVRIEXLOGLQJHQWUDQFHV
7DNLQJ LQWR DFFRXQW WKHVH UHTXLUHPHQWVZH DQDO\]HG WKH IRXU IORRU EXLOGLQJXVHG LQ WKHZDOO SURWRW\SH:H
LGHQWLILHGLQVLGHVWDLUVDQGWKUHHDGGLWLRQDORXWVLGHVWDLUVDUHDVZLWKVWHSV7RDYRLGLQVLGHVWDLUVUHGXFHGPRELOLW\
XVHUVKDYHWRXVHHOHYDWRUVDQGWRDYRLGRXWVLGHVWDLUVWKH\KDYHWRXVHUDPSVZKRVHLQFOLQDWLRQZHYHULILHGWKDWLV
DGHTXDWHIRUZKHHOFKDLUXVHUV7KHEXLOGLQJRQO\KDVFORVHGDQGQRQDXWRPDWLFH[WHULRUGRRUV7KLVLVFODVVLILHGDVD
PLWLJDEOHUHTXLUHPHQWEHFDXVHDQDVVLVWDQWFDQKHOSWKHZKHHOFKDLUXVHUWRE\SDVVWKHGRRU:HDOVRLGHQWLILHGWKDW
WKHVHFXULW\SHUVRQRIWKHEXLOGLQJFDQSURYLGHWKLVDVVLVWDQFHLIWKHZKHHOFKDLUXVHUFKRRVHVWKHHQWU\GRRUQHDUKLV
ZRUNSODFHWKLVUHTXLUHPHQWOHGWRDQHZIXQFWLRQDOLW\GHVFULEHGLQVHFWLRQ)LQDOO\WKHV\VWHPDOVRFRQVLGHUV
WKDWRQO\RQHEXLOGLQJHQWUDQFHLVRSHQGXULQJZHHNHQGVDQGIURPSPXQWLODPLQZRUNLQJGD\V
%OHQGHUZDVXVHGWREXLOGWKHPDSVRIWKHEXLOGLQJIORRUVEHFDXVHLWLVIXOO\FRPSDWLEOHZLWK8QLW\'ÁWKHWRRO
ZHFKRVHIRUWKHGHYHORSPHQWRIWKHSURWRW\SH7KHVHRSWLRQVZHUHPDGHEHFDXVHWKHWHDPKDGSUHYLRXVH[SHULHQFH
XVLQJWKHVHWRROVDQGDOVRWRPDLQWDLQWKHIXWXUHSRVVLELOLW\RILQFOXGLQJ'UHSUHVHQWDWLRQVLQWKHLQWHUIDFH)RUSDWK
SODQQLQJZHXVHGWKH$3DWKILQGLQJSURMHFWSOXJLQIRU8QLW\'ZLWKDJULGEDVHGDSSURDFK
&RQVLGHULQJWKHFURVVVWRUH\SUREOHPRIEXLOGLQJVWKDW%LDQHWDOGHVFULEH>@ZHXVHDVLPLODUDSSURDFKIRUSDWK
SODQQLQJ)ROORZLQJWKHHQYLURQPHQWDQGHQHUJ\VDYLQJSROLF\RIRXUXQLYHUVLW\IRUQRQUHGXFHGPRELOLW\XVHUWKH
SDWKEHWZHHQIORRUVXVHVWDLUV7KLVZD\ZKHQWKHRULJLQDQGWKHGHVWLQDWLRQDUHQRWLQWKHVDPHIORRURXUDOJRULWKP
KDVWKHIROORZLQJSKDVHV
 IRUHYHU\VWDLUUHSHDW
 XVHWKH$WRILQGWKHSDWKEHWZHHQWKHRULJLQDQGWKLVVWDLU
 XVHWKH$WRILQGWKHSDWKEHWZHHQWKLVVWDLUDQGWKHGHVWLQDWLRQ
 WKHUHVXOWVRIVWHSVDQGJLYHDIHDVLEOHSDWK
 FKRRVHWKHEHVWIHDVLEOHSDWKWKHVKRUWHVWRQH
)RUUHGXFHGPRELOLW\XVHUVZHDSSO\WKHVDPHDOJRULWKPUHSODFLQJHOHYDWRUVE\VWDLUV,QDGGLWLRQZHDVVLJQKLJK
ZHLJKWVWRWKHVWHSVRIWKHJURXQGIORRUVRWKDWFDOFXODWHGSDWKVLQFOXGHWKHUDPSV
3.3. Representation 
&RQFHUQLQJ WKHUHSUHVHQWDWLRQFRPSRQHQWGXULQJ WKHUHTXLUHPHQWVDQDO\VLVSKDVHZH LGHQWLILHG WKDWDQ LQGRRU
QDYLJDWLRQV\VWHPIRU UHGXFHGPRELOLW\XVHUVVKRXOGSURYLGH LQIRUPDWLRQDERXWVWDLUV UDPSVHOHYDWRUV VWDLU OLIWV
EDWKURRPVIRUGLVDEOHGSHRSOHVHFXULW\ZRUNSODFHDVZHOODVRWKHUQRQVSHFLILFODQGPDUNVRUSRLQWVRILQWHUHVW
7KLVZD\ZKHQDSSO\LQJWKHVHUHTXLUHPHQWVWRWKHZDOOLQGRRUQDYLJDWLRQV\VWHPERWKVWDLUVDQGHOHYDWRUVDUH
GHSLFWHGLQHDFKIORRU7KHJURXQGIORRUDOVRFRQWDLQVUDPSVDQGWKHORFDWLRQRI WKHPDLQHQWUDQFHZKHUHWKHUH LV
DOZD\VDQHOHPHQWIURPWKHVHFXULW\VWDIIWKDWFDQRSHQWKHGRRUZKHQUHTXLUHG
0RUHRYHUSULRUWKHGHVLJQRIWKHUHSUHVHQWDWLRQFRPSRQHQWZHXVHGTXHVWLRQQDLUHVWRLGHQWLI\ODQGPDUNVRUSRLQWV
RILQWHUHVWLQWKLVSDUWLFXODUEXLOGLQJEHLQJWKHUHVSRQGHQWVUHJXODUXVHUVRIWKHVSDFH7KH\LGHQWLILHGWKHJOREHDQ
DUWLVWLF'LQVWDOODWLRQUHSUHVHQWLQJWKH(DUWKWKHEDUWKHVWXG\URRPOLEUDULHVDQGGHSDUWPHQWVHFUHWDULHV7KHRQO\
UHGXFHGPRELOLW\ XVHU WKDW FRQWULEXWHG WR WKLV SKDVHZDV WKH RQH LQ RXU WHDP EHFDXVH SUHVHQWO\ KH LV WKH RQO\
ZKHHOFKDLUXVHUWKDWIUHTXHQWVWKHEXLOGLQJ
)LQDOO\WKHFHQWUDOHOHPHQWRIWKHZDOOLQWHUIDFHLVDQRUWKRJUDSKLFWRSSURMHFWLRQRIDIORRULQWKHEXLOGLQJDQG
WKHUHLVRQHPDSIRUHDFKIORRU6RPHLQIRUPDWLRQLVUHSUHVHQWHGZLWKGLIIHUHQWFRORUVDFFRUGLQJWRWKHW\SHRIPRELOLW\
WKHXVHUFKRRVHV


KWWSVZZZEOHQGHURUJ
ÁKWWSXQLW\GFRPSW
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3.4. Interaction 
)ROORZLQJWKHUHTXLUHPHQWDQDO\VHVSUHVHQWHGLQWKHSUHYLRXVVHFWLRQVZHLGHQWLILHGVRPHDGGLWLRQDOIXQFWLRQDOLWLHV
WRLQFOXGHLQWKHLQWHUDFWLRQFRPSRQHQW7KHILUVWRQHLVWKHSRVVLELOLW\WRLQIRUPWKHZDOOV\VWHPDERXWWKHW\SHRI
XVHUZLWKRUZLWKRXWUHGXFHGPRELOLW\VHHWKHEXWWRQLQWKHERWWRPRI)LJ,QDGGLWLRQUHGXFHGPRELOLW\XVHUV
DOVRQHHGDQalternative pathIXQFWLRQDOLW\WRKDQGOHWKHVFHQDULRZKHQRQHHOHYDWRULVQRWZRUNLQJEXWWRQLQWKHULJKW
VLGHRI)LJ)LQDOO\ZHDOVRLGHQWLILHGWKHQHHGIRUDIXQFWLRQDOLW\WRSURYLGHWKHSDWKWRWKHVHFXULW\VWDIIZRUNSODFH
ZKLFKLVQHDUWKHPDLQHQWUDQFHEXWWRQ³*RWRVHFXULW\´LQWKHWRSRI)LJ
7KHXVHULQSXWLVSURYLGHGE\XVLQJWDFWLOHWHFKQLTXHVZKLOHV\VWHPIHHGEDFNXVHVYLVXDOWHFKQLTXHV7KHLQWHUIDFH
KDVDPDSRIRQHIORRUDVWKHFHQWUDOHOHPHQW2QWKHWRSRIWKHLQWHUIDFHWKHUHLVDVHWRIEXWWRQVWRGHILQHWKHGHVWLQDWLRQ
IRU LQVWDQFH)ORRU URRPDVGHSLFWHG LQ)LJ2Q WKHULJKWVLGHDQRUGHUHG OLVWRI IORRUV LVGHSLFWHG
WRJHWKHUZLWKWKUHHV\PEROVDQH\HWKDWVLJQDOVWKHIORRUZKRVHPDSWKHXVHULVFXUUHQWO\YLVXDOL]LQJLQWKHVFUHHQ
)ORRUDUHGUDFNHWSLQDQGDIODJSLQPDUNLQJWKHGHSDUWXUHIORRU)ORRUDQGWKHGHVWLQDWLRQIORRU)ORRU
UHVSHFWLYHO\
7RSURYLGHGLUHFWLRQVWRWKHXVHUWKHZDOOXVHVYLVXDOWHFKQLTXHVLWGHSLFWVWKHSDWKVLQWKHPDSWKHSLQNOLQHLQ
)LJ$VWKHXVHUPRYHVWRWKHGHVWLQDWLRQKLVSRVLWLRQLVXSGDWHGWKLVLVLOOXVWUDWHGLQ)LJWKHJUH\UDFNHWSLQ
UHSUHVHQWVWKHGHSDUWXUHSRVLWLRQDQGWKHUHGUDFNHWSLQUHSUHVHQWVWKHFXUUHQWRQH


)LJ,QIRUPDWLRQSURYLGHGWRHDFKW\SHRIXVHU
(YDOXDWLRQ
7KHSURWRW\SHRIWKHDSSOLFDWLRQLQLWVILUVWVWDJHZDVWHVWHGin locoE\WZRSHUVRQVWKDWGRQRWXVXDOO\XVHWKH
EXLOGLQJDQGE\RQHH[SHUWLQKXPDQFRPSXWHULQWHUIDFHV7KHRYHUDOOIHHGEDFNREWDLQHGZDVSRVLWLYHDQGWKHRSLQLRQV
WKH\H[SUHVVHGZHUHLPSRUWDQWWRWKHVXEVHTXHQWSURFHVVRIILQHWXQLQJWKHLQWHUIDFH7KHDGMXVWPHQWVWKDWZHUHPDGH
WRWKHLQWHUIDFHWKH\WHVWHG)LJFRQFHUQWKHJUDSKLFDOV\PEROVIRULQVWDQFHWKH\VXJJHVWHGWRXVHDSLQLQVWHDGRI
DVWDUWKHV\PEROWKDWRULJLQDOO\UHSUHVHQWHGWKHFXUUHQWSRVLWLRQRIWKHXVHUDQGDOVRWKHSRVLWLRQRIWKHEXWWRQVLQ
WKHLQWHUIDFH


$OOWKHH[DPSOHVZHSURYLGHLQVLGHEUDFNHWVLQWKLVSDUDJUDSKDUHIURP)LJ
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0RUHRYHUZHUHDOL]HGWKDWDQH[WUDUHSUHVHQWDWLRQZDVQHHGHGWRPDSWKHFRPSOHWHVHWRIIORRUVLQGLFDWLQJWKH
FXUUHQWIORRURIWKHXVHUWKHGHVWLQDWLRQIORRUDQGWKHRQHWKDWLVEHLQJYLVXDOL]HGLQWKHVFUHHQDVWKH\DSSHDULQWKH
ULJKWVLGHRIZDOOFXUUHQWLQWHUIDFH)LJ


)LJ7KHILUVWSURWRW\SHRIWKHZDOOV\VWHP
$IWHUDVHFRQGGHYHORSPHQWVWDJHDQHPSLULFDOVWXG\ZDVFRQGXFWHGWRDVVHVVLIWKHSURSRVHGVROXWLRQKHOSVDXVHU
ILQGLQJDSDWKWRGLYHUVHORFDWLRQVLQWKHEXLOGLQJHJFODVVURRPVWHDFKHU¶VRIILFHGHSDUWPHQWOLEUDU\VWXG\URRP
VHFXULW\ZRUNSODFH$OOSDUWLFLSDQWVLQWKHXVHUVWXG\ZHUHYROXQWHHUVDQGWKH\DOOSHUIRUPHGWKHWHVWVSDUWLDOO\RU
FRPSOHWHO\FRQVLGHULQJDUHGXFHGPRELOLW\VLWXDWLRQ7KHSDUWLFLSDQWVPHQDQGZRPHQKDGDJHVEHWZHHQ
DQG\HDUVROGRIWKHPZLWKDJHVLQWKHLQWHUYDOLQWKHLQWHUYDODQGDERYH\HDUVROG
7KH\ZHUHDOOIDPLOLDUZLWKWDEOHWVDQGXVHG*36DQG*RRJOHPDSVRQDUHJXODUEDVLV7KH\ZHUHDVNHGWRXVHWKH
DSSOLFDWLRQWRILQGVSHFLILFSDWKVLQWKHEXLOGLQJDQGWRJLYHWKHLUJHQHUDORSLQLRQE\WKHHQGRIWKHH[SHULHQFH
$PRQJWKHPZHLGHQWLILHGWKUHHGLIIHUHQWJURXSVUHODWHGWRWKHLUIDPLOLDULW\ZLWKWKHEXLOGLQJVSDFHZHUH
UHJXODUXVHUVRIWKHEXLOGLQJZKLOHZHUHYHU\OLWWOHDFTXDLQWHGZLWKLWDQGKDGQHYHUHQWHUHGWKHEXLOGLQJ
:KHQDVNHGDERXWWKHJHQHUDORSLQLRQDERXWWKHSURWRW\SHDOOSDUWLFLSDQWVJDYHDVFRUHKLJKHUWKDQLQDVFDOHIURP
YHU\SRRUWRYHU\JRRG7DEOHJLYHVWKHSHUFHQWDJHVRIDQVZHUVLQHDFKVFRUHJLYHQE\HDFKJURXSRIXVHUV
7DEOH7\SHRIXVHUYVJLYHQVFRUH
 6FRUH 6FRUH 6FRUH
5HJXODUXVHUV   
6HOGRPXVHUV   
1HYHUHQWHUHGWKHEXLOGLQJ   

,IZHDQDO\]HWKHDQVZHUVDOOWRJHWKHUZHREWDLQDQDYHUDJHVFRUHRIZLWKVWDQGDUGGHYLDWLRQ6RZH
FDQFRQFOXGHWKDWWKHUHVXOWVREWDLQHGLQWKLVSUHOLPLQDU\HYDOXDWLRQDUHHQFRXUDJLQJ,QWKHQHDUIXWXUHZHZLOOFDUU\
DXVDELOLW\VWXG\LQYROYLQJZKHHOFKDLUVXVHUV
&RQFOXVLRQVDQGIXWXUHZRUN
7KLVSDSHUSUHVHQWV WKHZDOO LQGRRUQDYLJDWLRQV\VWHPIRUUHGXFHGPRELOLW\XVHUV8QOLNHVLPLODUV\VWHPV WKH
GHYHORSPHQWRIWKHZDOOFRQVLGHUHGVLQFHWKHILUVWVWDJHVRIWKHSURMHFWVSHFLILFUHTXLUHPHQWVRIWKLVW\SHRIXVHUV
7KLVZD\ZHGHWDLOWKHLPSDFWWKHVHUHTXLUHPHQWVKDYHLQHDFKFRPSRQHQWRIWKHV\VWHP7KHWHVWVZHFRQGXFWHGVR
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IDUZLWKYROXQWHHUVVLPXODWLQJUHGXFHGPRELOLW\DUHSURPLVLQJ,QWKHQHDUIXWXUHZHZLOOSHUIRUPWHVWVZLWKPRUH
XVHUVLQFOXGLQJUHGXFHGPRELOLW\XVHUV
,QDGGLWLRQWKHZDOOV\VWHPFDQEHH[WHQGHGZLWKWZRPRUHIXQFWLRQDOLWLHVWKDW']DILFHWDODOVRPHQWLRQ>@WKH
PRQLWRULQJRI WKHHOHYDWRUVWDWXVDQG WKHXVHU ORFDOL]DWLRQ7KH ODVWRQH LVDOUHDG\SHUIRUPHGE\ WKH:KHUH#80
DSSOLFDWLRQ>@DQGZHRQO\QHHG WKHDGGLWLRQDO LQIRUPDWLRQ WRGLVWLQJXLVKUHGXFHGPRELOLW\XVHUV7DNLQJDVWHS
IRUZDUGZLWKUHJDUGWRWKHVXJJHVWLRQRIPRQLWRULQJWKHHOHYDWRUVWDWXVWKHZDOOV\VWHPFDQSURYLGHLWDXWRPDWLFDOO\
E\WUDFNLQJWKHXVHUVLILWGHWHFWVWKDWRQHXVHUQHDUDSDUWLFXODUHOHYDWRUXVHGWKH³ILQGDOWHUQDWLYHSDWK´RSWLRQLWFDQ
DVVXPHWKDWWKLVHOHYDWRULVGLVDEOHG/DWHURQLIWKHZDOOWUDFNVRQHXVHUWKDWPRYHGIURPWKLVHOHYDWRUDWULXPWR
DQRWKHUDWULXPRIWKHVDPHHOHYDWRULQDGLIIHUHQWIORRUZLWKRXWXVLQJVWDLUVLWFDQDVVXPHWKDWWKHHOHYDWRULVZRUNLQJ
DJDLQ
$FNQRZOHGJHPHQWV
7KH DXWKRUV WKDQN 3URIHVVRU $GULDQR 0RUHLUD DQG 'LRJR 0DWRV 06F IRU SURYLQJ XV WKHLU DSSOLFDWLRQ
:KHUH#80'LRJR+HQULTXHV0DVWHULQ$UFKLWHFWXUHIRUKLVYDOXDEOHLGHDVDQGDOOWKHYROXQWHHUVWKDWWHVWHGWKH
DSSOLFDWLRQ7KLVZRUNLVSDUWLDOO\VXSSRUWHGE\1DWLRQDO)XQGLQJIURP)&7±)XQGDomRSDUDD&LrQFLDHD7HFQRORJLD
XQGHUSURMHFWV8,'&(&DQG8,'08/7,%LR,6,5	'XQLW
5HIHUHQFHV
 $NDVDND<2QLVDZD73HUVRQDOL]HGSHGHVWULDQQDYLJDWLRQV\VWHPZLWKVXEMHFWLYHSUHIHUHQFHEDVHGURXWHVHOHFWLRQIn Intelligent Decision 
and Policy Making Support Systems.6SULQJHU%HUOLQ+HLGHOEHUJ
 %LDQ:*XR<4LX45HVHDUFKRQ3HUVRQDOL]HG,QGRRU5RXWLQJ$OJRULWKP,QSURFHHGLQJVRIWKHWK,QWHUQDWLRQDO6\PSRVLXPRQ
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